Purpose The purpose of the study was to evaluate the efficacy and safety of intravitreal pirfenidone for inhibition of proliferative vitreoretinopathy (PVR) in a model of penetrating ocular injury. Patients and methods Penetrating trauma was induced on the retina of rabbit and treated either with 0.1 ml of phosphatebuffered saline (PBS) or 0.1 ml of 0.5% pirfenidone, and development of PVR was evaluated clinically and graded after 1 month. Histopathology and immunohistochemistry with transforming growth factor beta (TGFβ), alpha smooth muscle actin (αSMA), and collagen-1 were performed to assess the fibrotic changes. Expression of cytokines in the vitro-retinal tissues at different time points following pirfenidone and PBS injection was examined by RT-PCR. Availability of pirfenidone in the vitreous of rabbit at various time points was determined by high-performance liquid chromatography following injection of 0.1 ml of 0.5% pirfenidone. In normal rabbit eye, 0.1 ml of 0.5% pirfenidone was injected to evaluate any toxic effect. Results Clinical assessment and grading revealed prevention of PVR formation in pirfenidone-treated animals, gross histology, and histopathology confirmed the observation. Immunohistochemistry showed prevention in the expression of collagen-I, αSMA, and TGFβ in the pirfenidone-treated eyes compared to the PBS-treated eyes. Pirfenidone inhibited increased gene expression of cytokines observed in control eyes. Pirfenidone could be detected up to 48 h in the vitreous of rabbit eye following single intravitreal injection. Pirfenidone did not show any adverse effect following intravitreal injection; eyes were devoid of any abnormal clinical sign, intraocular pressure, and electroretinography did not show any significant change and histology of retina remained unchanged. Conclusion This animal study shows that pirfenidone might be a potential therapy for PVR. Further clinical study will be useful to evaluate the clinical application of pirfenidone.
Introduction
Proliferative vitreoretinopathy (PVR) is a major sequel of penetrating or open globe injury, with a reported incidence of occurring in 40-60% of patients with open globe injury. 1 The high incidence of PVR following ocular trauma is conceived to be due to the inflammatory reaction that follows the injury. Those eyes that develop PVR after a trauma have worse visual outcomes and PVR is considered as the primary reason for the loss of vision. 2 Recent advances in the fundamental understanding of the pathogenesis of PVR aided in the identification of several new therapeutic targets to block the cellular events contributing to the disease. Cytokines and growth factors are considered to be major players in PVR pathogenesis. 3 Prospective therapy including antiinflammatory agents, for example, ozurdex, 4 antineoplastic agents, for example, doxorubicin, 5 blood clotting factor agents, for example, thrombin 6 antimetabolite and antiproliferative agents, for example, daunorubicin, 7 5-fluorouracil 8 target one or more of the associated pathologies. Clinical trials assessing the efficacy of antiproliferative and antiinflammatory substances have yielded mixed results. Despite the progress in vitreoretinal surgical techniques, the clinical outcome remains unsatisfactory, and PVR continues to remain a leading cause of blindness. 9, 10 Therefore, more needs to be done to achieve better visual outcome prophylactically and therapeutically in PVR. 11, 12 Pirfenidone is an anti-fibrotic agent approved by US FDA for the treatment of idiopathic pulmonary fibrosis and exhibits promising result for the prevention of liver fibrosis, renal fibrosis, and multiple sclerosis. It has shown inhibition effect on the proliferation, migration, and collagen contraction of human fibroblasts. 13 In our previous work we have shown prevention of corneal scarring by pirfenidone. 14 Interestingly pirfenidone has proved to inhibit fibronectin secretion by retinal pigmented epithelial cell (RPE) in vitro. 15 It inhibits TGFβ 1 activity in RPE cells by prevention of Smad translocation into the nucleus, 16 prevents EMT of RPE cells, and has demonstrated no cytotoxicity. 17 Pirfenidone may, therefore, play a potential role in the prevention of fibrotic changes involved in PVR, which has not yet been explored. The present study was therefore conceived to evaluate the effect of pirfenidone in an animal model of trauma-induced PVR.
Materials and methods

Animal experiment
The animal experiments were carried out with prior permission of Institutional Animal Ethics Committee A rabbit model of penetrating injury induced PVR and evaluation of pirfenidone for its prevention Twelve rabbits were anaesthetised with the intramuscular injection of ketamine hydrochloride (Ketamine 50, Themis, Mumbai, India) and xylazine hydrochloride (Xylazine, Indian Immunologicals Ltd, Hyderabad, India) at the dose rate of 35 and 5 mg/kg, respectively. One eye of each animal was instilled with one drop each of 1% tropicamide (Tropicacyl, 1% w/v, Sunways Pvt. Ltd, Mumbai, India) and 1% Proparacaine (Paracain 0.5%, Sunways) eye drop. The conjunctiva was aseptically prepared by flushing with 5% povidone iodine. A 23 g needle was placed 4 mm from limbus near supraorbital muscles at about 12°clock position. It was inserted gently into the vitreous cavity at about 45°angle to a depth of 0.5 inches. While withdrawing, the needle was bent further posteriorly towards retina, and it was touched causing puncture injury with the sharp tip and smoothly removed. The eyes were immediately examined under indirect ophthalmoscope and having ensured vitreal haemorrhage they were treated intravitreally either with 0.1 ml of phosphate-buffered saline (PBS) or with 0.1 ml of 0.5% pirfenidone in PBS. A drop of ciprofloxacin (Ciplox eye drop, Cipla Ltd, Mumbai, India) was instilled twice daily in all the eyes for 7 days. Antiinflammatories were avoided to prevent masking of an effect of the drug.
The eyes were examined at 1-day interval under indirect ophthalmoscope, adjusting with a 20D lens for 7 days and after that once a week for 1 month.
Twenty-four hours after inciting injury and at the end of 1 month, fundus photographs of all eyes were obtained (Ultra-widefield (UWF) imaging system) to ensure injury and to assess the progression of PVR formation. The eyes were then enucleated after killing with an overdose of anaesthesia and preserved in 10% formalin. Gross evaluations of the eyes were conducted by dissecting the eyes along the equator to view the posterior segment. The degree of PVR formation was graded and scored according to Fastenberg scale of classification. 18 In brief, Grade 0: normal retina, Grade 1: vitreous haze, inner retinal wrinkling, Grade 2: retinal wrinkling, retinal detachment one quadrant, Grade 3: retinal wrinkling, retinal detachment two quadrants, Grade 4: retinal wrinkling, retinal detachment three quadrants, Grade 5: retinal wrinkling, retinal detachment four quadrants. Posterior segments of eyes were preserved in 10% formalin for histopathology and immunohistochemistry.
Expression of inflammatory cytokines
Penetrating injury to the posterior segment of rabbit eyes was inflicted following the same procedure mentioned earlier. Either 0.1 ml of 0.5% pirfenidone or 0.1 ml PBS was injected intravitreally into the eyes immediately after the injury. At different time points (24, 48 , and 72 h) four pirfenidone and four PBS-injected eyes were enucleated following killing and the vitreous along with retinal tissue was extracted by dissection through the equator of the globe. The vitreous along with retinal tissue was collected in TRIZOL Reagent (Cat No.15596-018, Invitrogen Life Technologies, Waltham, MA, USA) and preserved in − 20°C for isolation of RNA.
Real-time PCR (qPCR)
Total RNA from vitreous of normal-, control-, and pirfenidone-treated eyes using TRIZOL Reagent (Cat No. 15596-018, Invitrogen Life Technologies) following standard protocol. The concentration of RNA was determined, and cDNA was transcribed according to the kit protocol (Revert Aid TM first-strand cDNA Synthesis Kit, #K1622, Fermantas, Waltham, MA, USA) Real-time PCR was performed with IL-6 (F: 5ʹ-GGCTGATAGAAG AAGACGGATG-3ʹ, R: 5ʹ-CCATGCCTGTCCAGAGATA AAG-3ʹ), TNFα (F: 5ʹ-CCTTCCTCTCCTCAGATGTTTC-3ʹ, R: 5ʹ-ACGGGTCAGTCACCAAATC-3ʹ), transforming growth factor beta (TGFβ) (F: 5ʹ-ATAGTCTTCCTGCCGGTCCT-3ʹ, R: 5ʹ-TGGGGAGCTTTATGTGCCAG-3ʹ, and GAPDH (F: 5ʹ-TCAACAGCAACTCCCACTCTTCCA-3ʹ R: 5ʹ-ACCCT GTTGCTGTAGCCGTATTCA-3ʹ) primers using SYBRR Premix Ex TaqTM (Perfect Real Time), Takara, Otsu, Shiga, Japan, #PR041A) in a real-time PCR cycler (ABI Prism 7500 Sequence Detection System; Applied Biosystems, Foster City, CA, USA). Relative mRNA levels in each sample were calculated after normalisation to GAPDH mRNA expression using DD CT method.
Detection of pirfenidone from vitreous of rabbit eyes following single intravitreal injection
About 100 μl of 0.5% pirfenidone or PBS was injected intravitreally into one eye of nine rabbits. At different time points following injections (24, 48, 72 h) three eyes at each time point was enucleated following killing, the vitreous was extracted and preserved in − 80°C for highperformance liquid chromatography (HPLC).
The method for HPLC
HPLC was performed using a Shimadzu HPLC system (Kyoto, Japan). All reagents used in the procedure were of HPLC grade. The mobile phase consisted of acetonitrile and water (23 : 77, v/v) containing 0.2% acetic acid. The mobile phase was filtered through a 0.45 μm Millipore filter (Merk Millipore Ltd, Darmstadt, Germany) before use and a flow rate of 1 ml/min was applied in the system. The detection wavelength for pirfenidone was set at 310 nm.
Pirfenidone was dissolved in methanol and diluted to obtain standard solutions in the concentration range of 100-250 μg per ml methanol. The samples were run, and a standard curve was obtained. Control and treated vitreous were homogenised in 1 ml methanol and centrifuged at 12 000 rpm for 10 min. The supernatant was collected in fresh centrifuge tubes and was evaporated to dryness under a gentle stream of nitrogen. The residue was dissolved in 200 μl methanol and run in the system for detection of pirfenidone. The standard curve was linear, and the equation relating to the area of peaks (Y) against concentration of pirfenidone (X) was Y = 1.1007X + 4.0657 and r 2 = 0.98001.
Evaluation of safety following intravitreal injection of 0.5% pirfenidone
For assessment of the safety of intravitreal injection of pirfenidone, one eye of six rabbits was intravitreally injected with 0.1 ml 0.5% pirfenidone and the other eye was injected with 0.1 ml of PBS under general and topical anaesthesia as described previously. The eyes were examined on alternate days under slit lamp biomicroscope for signs of inflammation, uveitis, aqueous flare, opacity, and the fundus of the eye was examined by indirect ophthalmoscopy adjusting with a 20D lens on an alternate day. Intraocular pressure (IOP) was measured, and electroretinography (ERG) was performed. After 14 days the rabbits were killed with an overdose of ketamine HCL and xylazine HCL, eyes were enucleated, and the retinas were preserved in 10% formalin for histopathology.
Assessment of IOP
IOP was measured before injection of 0.5% pirfenidone and on 2nd, 7th, and 14th day following injection for evaluation of safety. One drop of proparacaine hydrochloride (0.5%) was applied topically on both eyes of each rabbit and IOP was measured using Tonopen (Reichert, Depew, NY, USA), three consecutive readings were taken and averaged. Mean IOP of six eyes is presented.
ERG
Electroretinography was performed before intravitreal injection of 0.5% pirfenidone and after 14 days of injection for evaluation of safety following standard procedure. The rabbits were dark-adapted for 2 h, and intermittent instillation with 1% tropicamide was performed topically on both eyes for pupillary dilatation. They were anaesthetised with an intramuscular injection of xylazine hydrochloride and ketamine hydrochloride at the dose rate of 5 and 35 mg/kg, respectively. One drop of 1% proparacaine and one drop of methylcellulose (Appavisc 2% w/v; Appasamy ocular devices, Pvt. Ltd (Pharma Division), Vadamangalam, India) was applied topically on both eyes. ERG recordings were conducted as recommended by the ISCEV guidelines 19 (Reti Animal, Roland Consultancy, Brandenburg-an der Havel, Germany). The body temperature of the animals was maintained at 37°C throughout the experiment. The electrodes were placed under dim red light. The active corneal jet electrodes were put on the cornea, and the reference electrode (subdermal needle electrode) was placed subcutaneously between the base of the ear and lateral canthus. The ground electrode was placed subcutaneously just on the occiput (on top of the head).
Histology
Histopathology was carried out following standard procedure. The tissues were cleared in xylene, dehydrated in graded alcohol, and embedded in paraffin. Sections of 5 μ were cut and stained with haematoxylin-eosin.
Immunohistochemistry
Vitreoretinal tissue sections were deparaffinized in xylene, rehydrated in graded alcohol and subjected to antigen retrieval by immersing in 10 mM sodium citrate buffer pH 6.0 for 10 min at 100°C in a water bath. Endogenous peroxidase activity was blocked using 3% hydrogen peroxide for 10 min and overlaid with blocking buffer (5% BSA) at room temperature for 2 h. After washing in PBST, sections were incubated overnight at 40°C with collagen-I 
Statistical analysis
Statistical analysis was performed with Graph Pad Prism 6 (La Jolla, CA, USA). Data were expressed as mean ± SD or as indicated. Analysis of PVR grades was conducted by non-parametric Mann-Whitney U-test, and for evaluation of safety IOP, ERG data were analysed using t-test. Confidence level was set at 95% (Po0.05).
Results
Model resembled the clinical PVR
In the present study retinal injury was induced to rabbit eye to mimic the clinical pathology associated with PVR and in particular PVR arising from an ocular injury. Fundus photographs of the normal retina ( Figure 1a ) and injured retina (Figure 1b ) taken 24 h after induction are presented. Fundus photograph of injured eye clearly showed injury in the retina resulting in a breach of continuity and profuse haemorrhage (Figure 1b) , whereas the normal retina was without these changes. Fundus photograph, taken 1 month after induction, showed wrinkling of the retina, retinal detachment, and epiretinal membrane formation (Figure 1c) . The posterior view showed folds in the retina and fibrosis (Figure 1d) . Prominent retinal scar, retinal detachment, and epiretinal membrane formation was observed in the histopathological sections. These changes are characteristic features of clinical cases of PVR. Thus, the model developed in the present study completely mimicked the clinical pathogenesis and pathology of PVR.
Pirfenidone prevented PVR in the animal model of penetrating injury
One month after penetrating injury and pirfenidone treatment, eyes were evaluated by fundus photography as well as by posterior view for gross pathology. The PVR in different eyes was graded and scored. A significant (P = 0.0003) decrease in PVR score was observed in the pirfenidone-treated group (0.78 ± 0.44) compared to untreated controls (2.33 ± 0.86). Control eyes showed several folds in the retina, distinct retinal detachment, and epiretinal membrane formation (Figures 1c and d) . The pirfenidone-treated eyes were devoid of such severe changes and showed only slight retinal fold and mild vitreous haze (Figures 1e and f) .
Histopathology showed prevention of PVR in pirfenidone-treated eyes
Histopathology of control eyes showed a prominent scar in the retina, a retinal detachment was also evident, and an epiretinal membrane was observed (Figures 2a, a*, and b). While in the pirfenidone-treated group changes like severe fibrosis, epiretinal membrane, and retinal detachment were absent; however mild to moderate inflammatory cellular proliferation was evident in all eyes (Figure 2c ).
Pirfenidone downregulates the expression of IL-6, TNFα, and TGFβ
RT-PCR was performed to evaluate the expression of IL-6, TNFα, and TGFβ 1 the predominant cytokines and growth factor involved in PVR pathogenesis. A significant (Po0.05) increase in the expression of IL-6, and TNFα was observed at different time points in the vitreoretinal tissue from rabbit eyes with a penetrating injury. A significant (Po0.05) decrease in mRNA expression of IL-6, TNFα ( Figure 3 ) was observed in pirfenidone-treated eyes compared to untreated control eyes at similar time points.
Expression of TGFβ was also noted to be increased significantly (Po0.05) in the control animals, which was reduced in the pirfenidone-treated eyes ( Figure 3 ).
Pirfenidone prevents fibrotic changes
EMT of RPE cells resulting in fibrosis and epiretinal membrane formation are the hallmark PVR. Therefore, expression of αSMA and collagen-I in the histology sections was evaluated. Immunohistochemistry showed prominent expression of αSMA in the control eyes (Figure 4a) , whereas a negligible expression of αSMA was observed in the sections from pirfenidone-treated eyes (Figure 4c ). Accordingly, increased expression of collagen-I was evidenced in the control sections (Figure 4e ), whereas the expression of collagen-1 was minimum in sections from pirfenidone-treated eyes (Figure 4g ). An increased expression of TGFβ was observed in sections from the injury-inflicted control eyes ( Figure 4i ) and a reduction in the expression of TGFβ was evidenced in the pirfenidone-treated eyes (Figure 4k ).
Pirfenidone was available in the vitreous
Pirfenidone was evaluated in the vitreous humour of rabbits at different time points by HPLC following single intravitreal injection. The drug could be detected up to 48 h after injection. The level (mean ± SE, in μg) of pirfenidone detected at 24 and 48 h was 214.9 ± 78.84 and 29.45 ± 7.15, respectively. 
Pirfenidone did not show any adverse effect
Pirfenidone was injected into the vitreous humour of normal rabbit eyes and following observations were made to evaluate any adverse effect.
Indirect ophthalmoscopy
No adverse effect was observed following intravitreal injection of pirfenidone. There was no sign of vitreous haemorrhage, haze, or retinal detachment when examined on 1st, 7th, and 14th day following treatment.
Slit lamp biomicroscopy
Examination under slit lamp biomicroscope showed clear transparent anterior segment in the pirfenidone-treated eyes without any sign of inflammatory response or evidence of uveitis, that is, aqueous flare. Corneal or lens opacity was also absent. None of the eyes suffered from subconjunctival haemorrhage (Supplementary Figure 1A) . The eye resembles the PBS-treated eyes (Supplementary Figure 1B) .
Intraocular pressure
There was no significant difference in IOP (mean ± SE) following intravitreal injection of 0.1 ml of 0.5% pirfenidone on 2nd (8.5 ± 0.6 vs 8.27 ± 0.74), 7th (8.05 ± 0.82 vs 7.77 ± 1.06), and 14th (8.04 ± 0.86 vs 7.89 ± 0.71) day compared to PBS-treated control eyes as well as pretreatment baseline values (8.83 ± 0.86).
ERG
The electroretinography of pirfenidone-treated eyes resembled the normal eyes. The amplitude of a wave and b waves with the different stimulus of scotopic and photopic tests did not vary significantly in comparison to pretreatment baseline values (Table 1) .
Histopathology
Histopathological sections of the retina from pirfenidonetreated eyes (Supplementary Figure 1C) did not show any adverse change and resembled the architecture of the normal retina. (Supplementary Figure 1D) . 
Discussion
PVR is a leading cause of blindness following retinal reattachment surgery, ocular trauma, and primary retinal detachment. Despite the tremendous advancement in vitreoretinal surgery and therapeutic approaches for management of PVR, it continues to remain a clinical challenge. The incidence of ocular trauma is alarming, and PVR follows 40-60% of all penetrating ocular injuries.
In the present study, we have established a model of PVR in rabbit by inducing intravitreal injury. Several models of PVR have been developed by delivering either a piece of dermal tissue, 20 fibroblast, 21-23 RPE cells, 24 or platelet and IL-1β 25 into the vitreous humour of rabbit or rat. Although these models develop vitreous strands and retinal detachment, the injection of a particular type of cell does not depict the effect of other cell types involved in PVR pathology. Therefore to mimic the etiopathogenesis of PVR more closely, we have developed this model by inciting retinal injury. We observed intravitreal haemorrhage, a tear in the retina, and an inflammatory response as commonly met with in clinical settings such as accidental needle prick or during retrobulbar injection, injury due to sharp stick or sharp pencil. The eyes developed PVR characterised by retinal detachment and epiretinal membrane formation. The trauma model of PVR used currently 26 is created by causing a prolapse of the vitreous by placing scleral incision, followed by injection of autologous blood. It does not mimic the clinical presentation as it is assumed that cells local to the retina and vitreous are more closely associated with the pathogenesis than the cells introduced from outside.
In the present study, we observed prevention of PVR following intravitreal use of pirfenidone. The retinal detachment, as well as epiretinal membrane formation in pirfenidone-treated eyes, was significantly lower compared to control.
Three predominant events associated with fibrogenesis are oxidative stress, inflammation, and eventual fibrosis. The presence of cytokines IL-1, 27 IL-6, 28 TNFα, 28 [34] [35] [36] [37] as major players in PVR pathogenesis. TGFβ plays a critical role in PVR development. 33, 34, [38] [39] [40] [41] Extensive studies have set forth the molecular mechanisms of pirfenidone in arresting fibrosis, which it does by ameliorating oxidative stress, inhibiting major inflammatory cytokines contributing to fibrosis, that is, TNFα, IL-6, and specifically inhibiting growth factor, TGFβ. 42 In the present study, we observed an increase in IL-6 and TNFα in control eyes at different time Figure 4 Pirfenidone suppressed the expression of collagen-I, αSMA, and TGFβ. A penetrating injury was inflicted to the posterior section of a rabbit eye and intravitreally injected either with pirfenidone or PBS. After 1 month expressions of collagen-I, αSMA, and TGFβ were evaluated. Immunohistochemistry of control sections showed huge expression of collagen-I (a), (DAPI-stained section (b)), compared to sections from pirfenidone-treated sections (c), (DAPI-stained section (d)). Increased expression of αSMA was observed in the control sections (e) (DAPI-stained section (f)) and its absence in the sections from pirfenidone-treated sections (g), (DAPI-stained sections (h)). Control sections (i) (DAPI-stained section (j)) showed increased expression of TGFβ and suppression of its expression in pirfenidone-treated sections (k) (DAPI-stained section (l)). Data are presented as mean ± SE (N = 5).
Post-traumatic proliferative vitreoretinopathy inhibition BNMK Khanum et al points, which were prevented in pirfenidone-treated eyes; similar modulation of cytokines with pirfenidone was also documented in patients with chronic hepatitis. 43 Pirfenidone also suppressed the expression of TGFβ in treated eyes compared to controls. In our earlier study, we have reported suppression of TGFβ and prevention of EMT in the cornea by pirfenidone. 14 Wang et al 17 have shown pirfenidone prevents EMT in RPE cells in vitro. Prevention of EMT and fibrosis has also been documented in lungs and kidney cells with pirfenidone. [44] [45] [46] Taken together our results show the suppression of inflammatory cytokine and TGFβ by pirfenidone has contributed to the prevention of PVR.
In the clinical setting, it may not be expected for patients to report immediately following penetrating injury in the eye that raises a pertinent question if intravitreal pirfenidone may be beneficial within 24-48 h following injury. Given the observation that the posttrauma inflammation in the retina persists up to 72 h and application of agents having anti-inflammatory effect following penetrating injury prevented PVR through suppression of cytokine, 47 pirfenidone is likely to offer protection if used within 24-48 h. However, this needs further investigation. In patients undergoing surgery for retinal reattachment, triamcinolone acetonide is commonly used along with silicon oil tamponade to prevent inflammation. 48 We assume intravitreal injection of pirfenidone immediately following vitrectomy prior to silicon oil/gas injection and even at the time of silicon oil removal may also be beneficial in PVR prevention. In addition, it may also enable early silicon oil removal and prevent PVR formation that follows. 49 Pirfenidone was available in the vitreous humour for 48 h following single intravitreal injection that almost covered the initial inflammatory phase 29 after injection, which is very critical for the development of PVR. Pirfenidone suppressed the cytokine expression in the vitreoretinal tissue up to 72 h, which indicates it might have been distributed and remained within the retinal tissue. There is a paucity of literature on the pharmacokinetics of pirfenidone following local use in the eye. The sole study conducted so far demonstrates wide distribution among ocular tissues (including into the vitreous humour) and quick clearance of the drug following topical instillation. 50 This corroborates with the quick clearance of pirfenidone from vitreous in our study, as the availability of the drug was not evaluated in the retinal tissues, we assume it may have distributed locally to the retina and persisted for some more time offering the anti-inflammatory effect, that is, up to 72 h, beyond its period of availability in vitreous, that is, 48 h. The gene expressions of cytokines were detected from combined vitreous and retinal tissues. However considering the rapid clearance of pirfenidone, we believe a sustained release formulation may prevent the need for repeated intravitreal injections, and with advances in ocular drug delivery a formulation of pirfenidone to deliver a therapeutic dose of the drug to the back of the eye following topical application may be of potential value.
A single intravitreal dose of pirfenidone did not incite any toxicity to the eye. Use of steroids though effective for prevention of PVR is associated with the adverse effects such as increase in IOP, cataract formation, subconjunctival haemorrhage. 51 5-flurouracil and lower molecular weight heparin are currently in use for PVR prevention, but the intravitreal injection of 5-flurouracil causes prolonged corneal oedema. 52 In the present study, we did not observe any adverse effect following intravitreal injection of pirfenidone; the eyes were clinically healthy, IOP and electrophysiology of the retina remained unchanged. Topical application of pirfenidone has previously shown to be non-toxic to the eyes. 53 It has been approved by FDA for clinical use in respiratory diseases 54 and is being used in some countries.
The results of our work demonstrate intravitreal therapy with pirfenidone as a potential and safe approach for the prevention of PVR following an ocular injury. Further clinical study will be useful to evaluate the clinical application of pirfenidone.
